Corticotropin-releasing factor (CRF), a 41 amino acid peptide, mediates endocrine, autonomic, and behavioral responses to stress. Whereas the CRF 1 receptor appears to contribute to anxiety associated with stress, the role of the CRF 2 receptor remains unclear and may depend on drug dose, brain location, or testing environment. Results involving treatments with selective CRF 2 receptor agonists or antagonists and the behavior of CRF 2 receptor knock-out mice suggest both anxiogenic and anxiolytic effects of CRF 2 receptor activation. The present study tested the hypothesis that the effect of CRF 2 receptor activation on anxiety depends on the stress level of the animal. The selective CRF 2 receptor agonist urocortin 2 was infused into the lateral septum of mice under low-or high-stress (30 min of immobilization) testing conditions, and then behavior in the light-dark box, open-field, and novel-object tests was assessed. In the low-stress environment, 240 pmol of septal urocortin 2 increased anxiety, but lower doses (0.48, 4.8, and 48 pmol) did not have consistent effects. However, in the high-stress condition, 48 pmol of septal urocortin 2 significantly increased anxiety compared with control in wild-type but not CRF 2 receptor knock-out mice in the light-dark box. Septal administration of the relatively selective CRF 2 antagonist astressin-2B, but not the CRF 1 -selective antagonist antalarmin, blocked the anxiogenic effects of urocortin 2. Urocortin 2 infusion into the medial septum or lateral ventricle did not affect anxiety measures. These results indicate that the effect of septal CRF 2 receptor activation on anxiety is dependent on stress level.
Introduction
Corticotropin-releasing factor (CRF), a 41 amino acid peptide, mediates the endocrine, autonomic, and behavioral responses to stress (Vale et al., 1981) , initiating the release of glucocorticoids from the hypothalamic-pituitary-adrenal axis. CRF plays a critical role in the "fight or flight" response to stress, increasing blood sugar and heart rate, inhibiting immune and digestive function (Dunn and Berridge, 1990) , and increasing anxiety (Takahashi et al., 1989) . CRF binds to G-protein-coupled receptors, CRF 1 and CRF 2 , expressed in discrete brain regions. Whereas the CRF 1 receptor is expressed in many rodent brain areas (Van Pett et al., 2000) , the CRF 2 receptor has a restricted distribution, with strong expression in the ventromedial hypothalamus, dorsal raphe, and lateral septum.
Considerable evidence indicates that CRF 1 receptor activation mediates the anxiogenic effects of CRF (Smith et al., 1998; Zorrilla et al., 2002) , but the role of the CRF 2 receptor in anxiety remains controversial. CRF 2 receptor knock-out mice exhibited greater anxiety-like behavior in the elevated plus maze and the light-dark box compared with wild-type mice in two of three mouse lines tested (Bale et al., 2000; Coste et al., 2000; Kishimoto et al., 2000) , suggesting that activation of CRF 2 receptors reduces anxiety. Selective CRF 2 receptor agonists (urocortin 2 and 3) also decreased anxiety-like behavior in the elevated plus maze in rats (Valdez et al., , 2003 and in the open field and light-dark box in C57BL/6 mice (Venihaki et al., 2004) . In contrast, other studies report anxiogenic effects of CRF 2 receptor agonists in the elevated plus maze and the acoustic startle test in mice (Pelleymounter et al., 2002 (Pelleymounter et al., , 2004 Risbrough et al., 2003 Risbrough et al., , 2004 . Furthermore, antagonism of CRF 2 receptors in the lateral septum also decreases anxiety (Radulovic et al., 1999; Bakshi et al., 2002) .
It is relevant to note that studies reporting anxiolytic effects of CRF 2 receptor agonists (Valdez et al., , 2003 Venihaki et al., 2004) tested animals under relatively low-stress conditions, in which the animals were handled by the experimenter and habituated to the testing environment. In contrast, reports of anxiogenic effects of CRF 2 receptor activation are from subjects tested in high-stress environments [e.g., during mild restraint in the acoustic startle chamber while exposed to loud noises (Risbrough et al., 2003 (Risbrough et al., , 2004 , shock-induced freezing (Ho et al., 2001; Bakshi et al., 2002) , or immobilization stress (Radulovic et al., 1999) ].
We propose that the effect of CRF 2 receptor activation on anxiety may depend on the level of stress in the testing environment, a variable that may alter the degree of receptor activation in specific brain regions or affect interaction between the CRF 1 and CRF 2 receptors. In the current study, we examined the effects of the selective CRF 2 receptor agonist urocortin 2 in the mouse lateral septum on anxiety-related behaviors in the light-dark box, open-field, and novel-object tests under low-stress (no immobilization) or high-stress (30 min of immobilization) testing conditions.
Materials and Methods
Subjects. Male ICR mice were purchased from Harlan Sprague Dawley (Indianapolis, IN). CRF 2 receptor wild-type and knock-out mice on a mixed C57BL/6 ϫ 129 background were generated as described previously (Bale et al., 2000) and bred mating heterozygous mice. Animals were group housed under a 12 h light/dark cycle. All experiments were conducted during the dark cycle, and all procedures were approved by the Institutional Animal Care and Use Committee of The Salk Institute and The Scripps Research Institute. All experimental protocols and animal facilities were in accordance with the Association for the Assessment and Accreditation of Laboratory Animal Care and the National Institutes of Health guidelines.
Drugs. Urocortin 2 and astressin-2B were synthesized under the direction of Dr. Jean Rivier (Clayton Foundation Laboratories for Peptide Biology, The Salk Institute). Urocortin 2 was dissolved in sterile physiological saline containing 0.1 M bovine serum albumin, pH 7.4. Astressin-2B was initially dissolved in a small amount of acetic acid and then diluted with sterile physiological saline containing 0.1 M bovine serum albumin to a final pH of 6.5. Antalarmin was purchased from Sigma (St. Louis, MO) and dissolved in a solution of 10% Cremaphor (Sigma), 5% ethanol, and 85% sterile saline with a final pH of 6.0. Peptides were prepared immediately before use.
It is relevant to note that urocortin 1 and 3, but not urocortin 2, are known to project to the rodent lateral septum. Urocortin 1 exhibits a high affinity for both the CRF 1 and CRF 2 receptor and was thus not the optimal choice for a study designed to examine the effect of selective CRF 2 receptor activation. Although both urocortin 2 and 3 exhibit low affinity for the CRF 1 receptor (K i of Ͼ100 nM), urocortin 1 and 2 have similar affinity for the mouse CRF 2 receptor (K i of 0.8 and 0.9 nM, respectively), a significantly higher affinity compared with urocortin 3 (14.2 nM) . Urocortin 2 was thus selected as an appropriate choice for infusion into the lateral septum.
Surgery, drug administration, and histology. Mice under isofluorane anesthesia were prepared with 26 gauge bilateral cannulas aimed at the intermediate lateral septum (ϩ0.30 mm anterior to bregma, 0.5 mm lateral from the midline, Ϫ3.2 ventral from skull surface; flat skull) or the central nucleus of the amygdala (Ϫ1.4 mm posterior to bregma, 2.4 mm lateral to the midline, Ϫ4.6 mm ventral from skull surface; flat skull) or a single cannula targeting the medial septum (ϩ0.30 anterior to bregma, 0.5 mm lateral from the midline, Ϫ3.5 mm ventral from skull surface) or the lateral ventricle (Ϫ0.5 mm posterior to bregma, 1.0 mm lateral from the midline, Ϫ2.5 mm ventral from skull surface; flat skull) (Franklin and Paxinos, 1997) . Cannulas were attached to the skull using dental acrylic. Peptides were infused through 33 gauge injector cannula (Plastics One, Roanoke, VA) attached to 10 l Hamilton microsyringes mounted on an automated pump (Harvard Apparatus, Holliston, MA). Animals were allowed 1 week to recover from the surgery before drug administration. Peptides were infused over a period of 120 s (volume of 0.25 l per side for the bilateral lateral septal cannula, 0.5 l in the medial septum and central amygdala, and 5 l in the ventricle to allow for diffusion throughout the brain), and the injector cannula remained in the brain for 60 s after drug administration. After the completion of each experiment, methylene blue dye was infused into each cannula using the drug delivery volume, the brains were removed and frozen, and sections were cut on the cryostat to assess cannula placement. Mice with lateral ventricle placement were examined for dye in both lateral and the third and fourth ventricles; animals without dye in distal ventricles were removed from analysis. Mice with lateral or medial septal placement were examined for cannula placement within the appropriate regions (Fig. 1) . Animals that did not have correct cannula placement (9% for lateral septum, 5% for medial septum, 8% for lateral ventricle, and 10% for central amygdala) were excluded from the analyses.
Behavioral testing. Mice were handled for 5 min/d for 7 d before drug administration and behavioral testing. On the test day, each animal was taken from the housing room and habituated to a dark testing room with a 65 dB white-noise background for 1 h before drug administration. After drug infusion, mice were returned to their cage or restrained for 30 min by taping their limbs to a Plexiglas surface (Radulovic et al., 1999) . Preliminary work in our laboratory indicated that 30 min of immobilization was sufficient to increase anxiety-like behavior in the behavioral tests used in the present study (data not shown) and was thus chosen as the high-stress condition. After this 30 min period, each mouse was tested in the light-dark box, open-field, and novel-object tests. Mice were placed into the light-dark box for 10 min, then immediately removed from the light-dark box, and placed into the open field for 10 min. At the end of that period, a novel object was placed into the center of the open field, and behavior was measured for a third 10 min period. This procedure and testing order was used for all experiments. Behavior in these tests was filmed, with the experimenter absent from the room during the test.
The light-dark box apparatus consisted of a small dark chamber 27 ϫ 15 ϫ 27 cm high connected by 10 ϫ 10 cm opening to a larger white chamber 27 ϫ 29 ϫ 27 cm high. The light intensity in the light compartment was 1000 lux compared with 10 -50 lux in the dark compartment. The mouse was placed in the dark compartment facing away from the opening to the light side, and the latency to first enter the light compartment, number of transitions from the dark to the light compartment, and total time spent in the light compartment were measured for 10 min. Entry into either side of the light-dark box was defined as the placement of all four paws into that side. Immediately after the light-dark test, mice were placed into a open-field chamber divided into nine regions: four corner regions, four side regions, and a center region. The corner regions were ϳ7 ϫ 7 cm, the side regions were 7 ϫ 14 cm, and the center region was 14 ϫ 14 cm. Locomotion was assessed as the total number of crossings between regions of the open field during the test. The time spent in the center square and percentage entries into the center region were assessed as measures of anxiety. After 10 min in the open field, a novel object (white plastic cup) 3 cm in diameter and 5 cm high was placed into the middle of the center square and secured to the floor with tape affixed to the inside of the cup. During the novel-object test, locomotion was assessed as the total number of crossings between regions. The time spent in the center square with the novel object and percentage entries into the center region were quantified as measures of anxiety. The method in the current study follows the procedures used by Dulawa et al. (1999) to assess anxiety-like behavior in dopamine D 4 receptor knock-out mice.
Experiment procedures. All experiments were conducted using a between-subjects design for drug administration and immobilization stress. Each mouse received either vehicle or one dose of urocortin 2. In experiments that examined the effect of stress on behavior and/or tested the effect of CRF receptor antagonists, each drug dose and stress condition was tested in separate groups of mice.
Experiment 1: urocortin 2 infused into the lateral septum. ICR mice were prepared with a bilateral cannula in the lateral septum and were infused with vehicle or 0.48, 4.8, 48, or 240 pmol (2 ng, 20 ng, 200 ng, and 1 g) of urocortin 2 per mouse (n ϭ 9 -10 per group).
Experiment 2: urocortin 2 infused into the medial septum. ICR mice were prepared with a cannula in the medial septum and infused with vehicle or 120 or 240 pmol of urocortin 2 per mouse (n ϭ 6 -7 per group).
Experiment 3: urocortin 2 infused in the lateral ventricle. ICR mice were prepared with a cannula in the lateral ventricle and infused with vehicle or 24, 120, 240, or 1200 pmol (5 g) of urocortin 2 per mouse (n ϭ 7-8 per group).
Experiment 4: septal urocortin 2 combined with stress. ICR mice were prepared with a bilateral cannula in the lateral septum and infused with vehicle or 48 pmol of urocortin 2 per mouse combined with no stress or 30 min of immobilization stress (n ϭ 8 -9 per group).
Experiment 5: septal urocortin 2 combined with stress in CRF 2 receptor wild-type mice (C57BL/6 ϫ 129 mixed background). Mice were prepared with a bilateral cannula in the lateral septum and infused with vehicle or 0.48, 4.8, or 48 pmol of urocortin 2 per mouse combined with no stress or 30 min of immobilization stress (n ϭ 6 -7 per group).
Experiment 6: septal urocortin 2 combined with stress in CRF 2 receptor knock-out and wildtype mice. CRF 2 receptor wild-type and knockout mice were prepared with a bilateral cannula in the lateral septum and infused with vehicle or 48 pmol of urocortin 2 per mouse in combination with no stress or 30 min of immobilization stress (n ϭ 8 -10 per group).
Experiment 7: septal urocortin 2 with CRF 2 receptor antagonist. CRF 2 receptor wild-type mice prepared with a bilateral cannula in the lateral septum were infused with vehicle or 24, 96, or 192 pmol (100, 400, and 800 ng) of the CRF 2 receptor antagonist astressin-2B. Ten minutes later, they were infused with vehicle or 48 pmol of urocortin 2 in combination with no stress or 30 min of immobilization stress (n ϭ 7-16 per group).
Experiment 8: septal urocortin 2 with CRF 1 receptor antagonist. ICR mice prepared with a bilateral cannula in the lateral septum were treated with the CRF 1 receptor antagonist antalarmin before the septal infusion of urocortin 2. This experiment was conducted to determine whether the effect of septal urocortin 2 was mediated by CRF 1 receptors in the lateral septum. The mice were infused with vehicle or 264 pmol (100 ng) or 792 pmol (300 ng) of antalarmin, followed 10 min later by an infusion of vehicle or 48 pmol of urocortin 2. After the second septal infusion, all mice were restrained for 30 min before testing in the light-dark box, openfield, and novel-object tests (n ϭ 7-9 per group). These doses of antalarmin were selected based on the results of a previous study (Robison et al., 2004) reporting a decrease in stress-related behavior in mice treated with an equivalent dose of this drug.
Experiment 9: CRF 1 receptor antagonist infused into the amygdala. To determine whether the doses of antalarmin infused into the lateral septum were sufficient to antagonize CRF 1 receptor-mediated behavior, ICR mice were prepared with a bilateral cannula targeting the central nucleus of the amygdala. Mice were infused with vehicle or 264 pmol (100 ng) or 792 pmol (300 ng) of antalarmin into the amygdala 10 min before 30 min of immobilization stress and were then tested in the light-dark box, open-field, and novel-object tests (n ϭ 7-9 per group).
Data analyses. SPSS (Chicago, IL) software was used to perform ANOVAs of peptide dose, stress level, and genotype on measures of anxiety and locomotion in the light-dark box, open-field, and novel-object tests. The effect of urocortin 2 infusion into the lateral septum, medial septum, and lateral ventricle described in experiments 1-3 was assessed with oneway between-subjects ANOVA. In experiments 4 and 5, a two-way ANOVA (stress level ϫ peptide dose) was used to assess the interaction between urocortin 2 and immobilization stress. Three-way ANOVAs were used to assess the data in experiment 6 (stress ϫ peptide ϫ genotype) and experiment 7 (antagonist ϫ agonist ϫ stress), and two-way ANOVA assessed the effect of the CRF 1 receptor antagonist antalarmin in experiments 8 and 9. Dunnett's t test and Tukey's test were used for appropriate post hoc comparisons. The correlation between locomotion (total squares entered) and "anxiety" (percentage time in the center square) in the open-field and novel-object tests was assessed with Pearson's correlation coefficient. The level of significance for all statistical tests was set to 0.05.
Results
Experiment 1: effects of urocortin 2 in the lateral septum Septal administration of the CRF 2 agonist urocortin 2 increased anxiety-related behavior in the light-dark box and novel-object tests, with a trend toward an anxiogenic-like effect in the openfield test (Fig. 2) . Statistical analyses revealed that the highest dose of septal urocortin 2 (240 pmol) significantly decreased the time spent in the light side of the light-dark box (F (4,46) ϭ 3.058; p Ͻ 0.05) (Fig. 2b ) and the percentage entries (F (4,46) ϭ 4.223; p Ͻ 0.01) and percentage time (F (4,46) ϭ 7.288; p Ͻ 0.001) (Fig. 2f ) spent in the center region with the novel object, with a trend toward fewer percentage entries ( p ϭ 0.057) and less time ( p ϭ 0.065) (Fig. 2d ) in the center of the open field compared with wild-type mice. Lower doses of the peptide had no effect in the light-dark box, except for a decrease in transitions observed with the 48 pmol dose (F (4,46) ϭ 3.041; p Ͻ 0.05). None of the lower doses had any effect in the open field. In the novel-object test, the 0.48 and 48 pmol doses had no effect on anxiety-like behavior, whereas 4.8 pmol of urocortin 2 decreased time spent in the center ( p Ͻ 0.05). Urocortin 2 had no effect on locomotion in the open-field and the novel-object tests at any dose tested.
Experiment 2: effects of urocortin 2 in the medial septum Infusion of the peptide into the medial septum did not have a significant effect on any measure of behavior in the light-dark box, open-field, or novel-object tests (data not shown).
Experiment 3: effects of urocortin 2 in the lateral ventricle
Urocortin 2 infused into the lateral ventricle decreased locomotion at the highest dose tested (1200 pmol) (Fig. 3c ,e) but did not affect locomotor or anxiety-related behavior at lower doses. Data analyses showed that 1200 pmol of the peptide increased latency to enter the light side of the light-dark box (F (4,32) ϭ 4.260; p Ͻ 0.05) (Fig. 3a) and decreased the percentage time spent in the center of the open field (F (4,32) ϭ 2.914; p Ͻ 0.05) (Fig. 3d) , suggesting an increase in anxiety-related behavior; however, this dose also significantly decreased locomotion in both the openfield (F (4,32) ϭ 3.623; p Ͻ 0.05) and novel-object (F (4, 32) ϭ 3.324; p Ͻ 0.05) tests. Because the 1200 pmol dose decreased overall locomotion, the effects on the light-dark box and open field cannot be unambiguously interpreted as an anxiogenic effect.
Infusion of urocortin 2 into the medial septum or the lateral ventricle did not have significant effects on anxiety measures, consistent with the hypothesis that the anxiogenic effects of the peptide were mediated by CRF 2 receptors in the lateral septum. High doses of a CRF 2 receptor agonist delivered into the ventricle would be expected to occupy some CRF 2 receptors in the septum; however, infusion of the peptide into the ventricle may also activate CRF 2 receptors in other brain areas that may oppose the septal effects on anxiety. Urocortin 2 infused into the lateral septum did not alter locomotion in the open-field or novel-object tests in the low-or high-stress conditions, demonstrating that the effects on anxiety measures were not confounded by changes in motor activity. 
Experiment 4: effects of septal urocortin 2 combined with stress
In this experiment, ICR mice were infused with 48 pmol of septal urocortin 2 combined with 30 min of immobilization stress or no stress. The purpose of this experiment was to determine whether stimulation of the septal CRF 2 receptor would have a different effect on anxiety-related behavior when tested during low-versus high-stress conditions. In experiment 1, septal administration of 48 pmol of urocortin 2 did not have a significant effect on anxiety. This dose was thus chosen in the current and subsequent experiments to determine whether stress would interact with a dose of the CRF 2 agonist that was inactive in the no-stress condition. The results indicated that this dose of urocortin 2 had no effect on anxiety-related behavior in the no-stress condition but significantly increased anxiety in the stress condition compared with vehicle-treated mice (Fig. 4) . Analyses of the data (two-way ANOVA, followed by Tukey's post hoc test) revealed significant interactions between urocortin 2 and stress on time spent in the light-side of the light-dark box (F (1,29) ϭ 7.901; p Ͻ 0.01), the percentage center entries (F (1,29) ϭ 4.498; p Ͻ 0.05), and percentage time in the center (F (1,29) ϭ 4.338; p Ͻ 0.05) of the open field, and the percentage center entries (F (1,29) ϭ 4.603; p Ͻ 0.05) and percentage time spent in the center (F (1,29) ϭ 4.881; p Ͻ 0.05) with the novel object. Post hoc testing showed that urocortin 2 significantly increased anxiety-related behavior compared with vehicle only in stressed mice, decreasing the time spent in the light side of the light-dark box ( p Ͻ 0.01) (Fig. 4b) , the percentage center entries ( p Ͻ 0.01), and percentage time in the center ( p Ͻ 0.01) (Fig. 4d) of the open field, and the percentage center entries ( p Ͻ 0.01) and percentage time in the center ( p Ͻ 0.001) (Fig. 4f ) with the novel object.
Immobilization stress increased anxiety-related measures in the light-dark box, open-field, and novel-object tests (increased latency to enter the light side of light-dark box, F (1,29) ϭ 10.479; p Ͻ 0.01) (Fig. 4a) , decreased time in the light side of the lightdark box (F (1,29) ϭ 25.02; p Ͻ 0.001) (Fig. 4b) and decreased percentage center entries (F (1,29) ϭ 13.023; p Ͻ 0.01) and percentage time (F (1,29) ϭ 29.551; p Ͻ 0.001) (Fig. 4d) (Fig. 4f ) in the center with the novel object, but also decreased overall locomotion in the open field (F (1,29) ϭ 10.352; p Ͻ 0.01) (Fig. 4c ) and with the novel object (F (1,29) ϭ 4.849; p Ͻ 0.05) (Fig. 4e) . However, urocortin 2 had no significant effect on locomotor activity.
There was a nonsignificant trend toward a decrease in locomotion in urocortin 2-treated mice in the stress condition compared with the vehicle-treated mice in the novel-object test. The correlation between total locomotion (squares entered) and anxiety (percentage time in the center square) was assessed for both the open-field and novel-object tests. The analyses indicated that there was no significant correlation between locomotion and anxiety-like behavior in the no-stress (r ϭ 0.203; NS) or stress (r ϭ 0.210; NS) conditions in the open-field test or the no-stress (r ϭ 0.016; NS) or stress (r ϭ 0.333; NS) conditions in the novelobject test. These data suggest that the effects of the peptide on anxiety-related behavior were not confounded by alterations in locomotor activity.
Experiment 5: effects of multiple doses of septal urocortin 2 in CRF 2 receptor wild-type mice The results from this experiment show a dose-dependent effect of urocortin 2 in the lateral septum, with the highest dose (48 pmol) increasing anxiety-related behavior only in the stress condition, whereas lower doses had little effect, regardless of stress (Fig. 5) . There was a significant interaction between urocortin 2 and stress on the latency to enter the light side of the light-dark box (F (1,44) ϭ 30.909; p Ͻ 0.001), time spent in the light side (F (1,44) ϭ 23.871; p Ͻ 0.001), and percentage time in the center with a novel object (F (3,44) ϭ 3.518; p Ͻ 0.05). Post hoc testing showed that 48 pmol of urocortin 2 significantly increased anxiety-related behavior compared with vehicle in stressed mice, increased the latency to enter the light side of the light-dark box ( p Ͻ 0.001) (Fig. 5a) , decreased time spent in the light side of the light-dark box ( p Ͻ 0.001) (Fig. 5b) , and decreased the percentage time in the center with the novel object ( p Ͻ 0.001) (Fig. 5f ) , with a trend toward decreased percentage time in the center of the open field ( p Ͻ 0.068) (Fig. 5d ). There were no significant effects of lower peptide doses, with the exception that 4.8 pmol of urocortin 2 also significantly decreased percentage time in the center with the novel object when compared with vehicle in the stress condition.
As in the previous experiment, immobilization stress increased anxiety-related measures in the light-dark box, openfield, and novel-object tests but also decreased overall locomotion in the open field (F (1,44) ϭ 4.775; p Ͻ 0.05) (Fig. 5c ) and with the novel object (F (1,44) ϭ 8.214; p Ͻ 0.01) (Fig. 5e) . However, treatment with urocortin 2 did not affect locomotor activity in the stress or no-stress conditions, supporting the contention that the effects of the peptide are mediated by changes in anxietyrelated behavior.
Experiment 6: effects of septal urocortin 2 combined with stress in CRF 2 receptor knock-out and wild-type mice The data show that treatment with urocortin 2 increased anxietyrelated behavior in wild-type but not knock-out mice in the stress condition and had no effect on either genotype in the no-stress condition. Statistical analysis (three-way ANOVA, followed by the Tukey's post hoc test) revealed a three-way interaction between stress, genotype, and peptide treatment on the latency to enter the light side of the light-dark box (F (1,71) ϭ 11.749; p Ͻ 0.01) and the percentage time spent in the center of the open field (F (1,71) ϭ 4.014; p Ͻ 0.05). In wild-type mice in the stress condition, urocortin 2 significantly increased the latency to enter the light side of the light-dark box ( p Ͻ 0.001) (Fig. 6a) and decreased time spent in the center of the open field ( p Ͻ 0.01) (Fig. 6d ) compared with vehicle, whereas the peptide had no effect in knock-out mice. A two-way ANOVA in wild-type mice (conducted according to our a priori hypothesis that urocortin 2 will affect behavior in this group of mice) showed a significant interaction between stress and peptide on the time spent in the light side of the lightdark box (F (1,33) ϭ 4.491; p Ͻ 0.05) and percentage time spent in the center with the novel object (F (1,33) ϭ 5.119; p Ͻ 0.05). Post hoc tests revealed that urocortin 2 decreased time spent in the light side of the light-dark box ( p Ͻ 0.05) (Fig. 6b) and decreased percentage time in the center with the novel object ( p Ͻ 0.05) (Fig. 6f ) only in the stress condition when compared with vehicle. There were no effects of septal urocortin 2 on anxiety in CRF 2 receptor knock-out mice in the light-dark box, with both vehicle-and drug-treated mice spending 50 -60 s in the light side in the stress condition. However, the stressed knock-out mice spent very little time in the center of both the open-field and novel-object tests (Ͻ6% of the time) regardless of drug treatment (Fig. 6d,f ) , so it is difficult to determine whether urocortin 2 had any effect in these behavioral assays. It is possible that the anxiety response reached a floor effect under these conditions, given the increased anxiety observed in the knock-out mice combined with immobilization stress.
CRF 2 receptor knock-out mice exhibited more anxiety-related behavior compared with wild-type mice, spending significantly less time in the center of both the open field (F (1,71) ϭ 13.517; p Ͻ 0.001) (Fig. 6d ) and the novel-object (F (1,71) ϭ 4.778; p Ͻ 0.05) (Fig. 6f ) tests but did not demonstrate any differences in overall locomotion. Immobilization stress increased anxiety-related measures in the light-dark box, openfield, and novel-object tests and decreased locomotion in both the open-field (F (1,33) ϭ 36.662; p Ͻ 0.001) and the novel-object (F (1,33) ϭ 6.319; p Ͻ 0.05) tests as demonstrated previously, but there was no effect of urocortin 2 on locomotion in the stress or no-stress conditions.
The increased anxiety-related behavior observed in CRF 2 receptor knock-out mice compared with wild-type mice is in agreement with previous reports (Bale et al., 2000; Kishimoto et al., 2000; Bale and Vale, 2004 ). This result is in apparent contradiction to the increased anxiety reported with the administration of urocortin 2, a CRF 2 receptor agonist. It is possible that the anxiogenic phenotype observed in the knock-out mice may be attributable to other factors besides the absence of the CRF 2 receptor; Bale et al. (2000) reported increased CRF expression in the amygdala of these mice, which may contribute to greater anxiety, perhaps through stimulation of the CRF 1 receptor. In the stress condition, 48 pmol of urocortin 2 increased anxiety-like behavior in the light-dark box and novel-object tests; the 4.8 pmol dose increased anxiety in the novel-object test in the stress condition but not the no-stress condition. Data are presented as mean Ϯ SEM. ***p Ͻ 0.001.
Experiment 7: effects of septal urocortin 2 combined with a CRF 2 receptor antagonist Septal administration of the CRF 2 receptor antagonist astressin-2B did not affect anxiety-related behavior in the no-stress condition but did reduce anxiety-related behavior in mice receiving urocortin 2 or vehicle in the stress condition (Fig. 7) . There was a significant three-way interaction between stress, urocortin 2, and astressin-2B on the latency to enter the light side of the light-dark box (F (3,148) ϭ 7.216; p Ͻ 0.001) and the time spent in the light side of the light-dark box (F (3,148) ϭ 2.835; p Ͻ 0.05) and a significant interaction between stress and astressin-2B on the percentage time in the center of the open field (F (3,148) ϭ 13.342; p Ͻ 0.001) and with the novel object (F (3,148) ϭ 12.512; p Ͻ 0.001).
Post hoc tests showed that the highest dose of astressin-2B (192 pmol) decreased anxiety-related behavior in the light-dark box in vehicle-treated mice in the stress condition, decreasing the latency to enter the light side ( p Ͻ 0.001) (Fig. 7a) and increasing time spent in the light ( p Ͻ 0.001) (Fig. 7b) , but lower doses of the antagonist had no effect on anxiety in these mice. In contrast, 24 and 96 pmol of astressin-2B decreased anxiety in urocortin 2-treated mice in the stress condition, significantly decreasing latency to enter the light side (24 pmol, p Ͻ 0.01; 96 pmol, p Ͻ 0.001) (Fig. 7a) and increasing time spent in the light (24 pmol, p Ͻ 0.01; 96 pmol, p Ͻ 0.001) (Fig. 7b) 
compared with control.
In the open-field test, one-way ANOVA for vehicle-treated mice in the stress condition (conducted according to our a priori hypothesis that astressin-2B will have an effect in this group of mice) showed that the CRF 2 receptor antagonist significantly increased time in the center square (F (3,37) ϭ 13.109; p Ͻ 0.001). Astressin-2B also reduced anxiety-related behavior (increased time in the center) in urocortin 2-treated mice in the stress condition (F (3,37) ϭ 40.467; p Ͻ 0.001) (Fig. 7d) . However, post hoc tests showed that 24 pmol of astressin-2B reduced anxiety-related behavior in mice treated with urocortin 2 ( p Ͻ 0.05) but had no significant effect in vehicle-treated mice (Fig. 7d) ; the higher doses of astressin-2B decreased anxiety in both groups. In the novel-object test, one-way ANOVA showed that astressin-2B decreased anxiety-related behavior in stressed mice treated with either vehicle (F (3,37) ϭ 5.211; p Ͻ 0.01) or urocortin 2 (F (3,37) ϭ 30.638; p Ͻ 0.001) (Fig. 7f ) . Post hoc tests showed that 24 and 96 pmol of urocortin 2 significantly decreased anxiety-related behavior in mice treated with urocortin 2 (24 pmol, p Ͻ 0.01; 96 pmol, p Ͻ 0.001), but these doses had no significant effect on vehicle-treated mice (Fig. 7f ) . Only the highest dose of astressin-2B (192 pmol) decreased anxiety-related behavior in both groups (vehicle, p Ͻ 0.01; urocortin 2, p Ͻ 0.001).
Immobilization stress increased anxiety-related measures in the light-dark box, open-field, and novel-object tests and decreased locomotion in the open-field (F (3,148) ϭ 6.010; p Ͻ 0.05) (Fig. 7c ) and the novel-object (F (3,148) ϭ 11.239; p Ͻ 0.001) (Fig.  7e) tests, but neither urocortin 2 nor astressin-2B had a significant effect on locomotion.
In summary, septal administration of lower doses of the CRF 2 receptor antagonist astressin-2B (24 and 96 pmol) decreased the anxiogenic effect of urocortin 2 combined with stress in the lightdark box and novel-object tests but had no effect on anxietyrelated behavior in vehicle-treated mice. In the open-field test, 24 pmol of urocortin 2 had no effect on vehicle-treated mice in the stress condition but increased the time spent in the center for urocortin 2-treated mice, whereas the higher doses of the antagonist decreased anxiety-related in both groups. The highest tested dose of urocortin 2 (192 pmol) decreased anxiety-related behav- In wild-type mice, urocortin 2 had no effect on anxiety-related behavior in the no-stress condition but increased anxiety-related behavior in the light-dark box, open-field, and novel-object tests when combined with immobilization stress. Urocortin 2 had no effect in CRF 2 receptor knock-out mice in the light-dark box (a, b). CRF 2 receptor knock-out mice showed increased anxiety compared with wild-type, spending less time in the center of the open-field (d) and novel-object (f ) tests, regardless of drug treatment. Knockout mice treated with vehicle also exhibited greater latency to enter the light side of the light-dark box compared with vehicletreated wild-type mice (a). Data are presented as mean Ϯ SEM. *p Ͻ 0.05; **p Ͻ 0.01; ***p Ͻ 0.001. ior in the stress condition for both vehicle-and drug-treated mice in all three behavioral assays. These results suggest the possibility that the lowest dose of septal astressin-2B blocked the anxiogenic effect of septal urocortin 2, but the higher doses may also reverse the additive anxiogenic effect of the immobilization stress.
Experiment 8: effects of septal urocortin 2 combined with a CRF 1 receptor antagonist Septal administration of the CRF 1 receptor antagonist antalarmin did not affect anxiety-related behavior in immobilization-stressed mice treated with septal urocortin 2 (Fig. 8) . In this experiment, urocortin 2 significantly increased the latency to enter the light side of the light-dark box (F (1,42) ϭ 52.369; p Ͻ 0.001) (Fig. 8a) , decreased the time spent in the light side of the light-dark box (F (1,42) ϭ 19.609; p Ͻ 0.001) (Fig. 8b) , decreased percentage center entries (F (1,42) ϭ 11.083; p Ͻ 0.01) and percentage time (F (1,42) ϭ 39.893; p Ͻ 0.001) (Fig. 8d) in the center of the open field, and decreased percentage entries (F (1,60) ϭ 11.885; p Ͻ 0.01) and percentage time (F (1,42) ϭ 22.105; p Ͻ 0.001) (Fig. 8f ) in the center with the novel object when compared with vehicle. There were no significant differences between mice treated with septal antalarmin or vehicle on any behavioral measure tested.
Experiment 9: CRF 1 receptor antagonist infused into the amygdala Administration of antalarmin into the central nucleus of the amygdala decreased anxiety-related behavior in the light-dark box, decreasing the latency to enter the light side (F (2,42) ϭ 5.461; p Ͻ 0.01) (Fig.  9a) and increasing time spent in the light (F (2,42) ϭ 4.942; p Ͻ 0.05) (Fig. 9b) . Antalarmin also decreased anxiety in the open field, significantly increasing time spent in the center (F (2,42) ϭ 5.274; p Ͻ 0.01) (Fig.  9d ). There was a significant interaction between stress and antalarmin on the latency to enter the light side of the light-dark box (F (2,42) ϭ 8.055; p Ͻ 0.05), time spent in the light side (F (2,42) ϭ 10.326; p Ͻ 0.001), and time spent in the center of the open field (F (2,42) ϭ 4.568; p Ͻ 0.05). Post hoc tests showed that antalarmin had no significant effect on anxiety in the no-stress condition for any test. In the stress condition, the highest dose of antalarmin (792 pmol) significantly decreased the latency to enter the light side of the light-dark box ( p Ͻ 0.01), increased time spent in the light side of the light-dark box ( p Ͻ 0.001), and increased time spent in the center of the open field ( p Ͻ 0.001), with a trend toward increased time in the center with the novel object ( p ϭ 0.052) (Fig. 9f ) . The lower dose of antalarmin (264 pmol) did not significantly affect anxiety-related behavior, and neither dose had a significant effect on locomotion.
The data from these experiments (8 and 9) indicate that infusion of antalarmin into the lateral septum did not block the anxiogenic effect of septal urocortin 2 in the high-stress condition, but the higher dose of antalarmin (792 pmol) significantly decreased anxietyrelated behavior induced by immobilization stress when infused into the amygdala, indicating that this dose was sufficient to antagonize anxiety putatively mediated by the CRF 1 receptor. These data support the conclusion that the effects of urocortin 2 in the current study are mediated through the septal CRF 2 receptor.
Discussion
The present study demonstrated that the effect of septal urocortin 2 on anxiety is influenced by the stress level of the mouse. Under low-stress conditions, only the high dose of 240 pmol of septal urocortin 2 consistently increased anxiety-related behavior in both the light-dark box and novel-object tests, with a strong trend toward anxiety-related behavior in the open-field test. Forty-eight picomoles of septal urocortin 2 had no significant 
field, and novel-object tests in the stress condition but had little effect in the no-stress condition. In the light-dark box, 24 and 96 pmol of astressin-2B decreased the anxiogenic effect of urocortin 2 in the stress condition but had no effect in vehicle-treated mice, whereas the 192 pmol dose reduced anxiety in all stressed mice, decreasing the latency to enter the light side of the light-dark box (a) and increasing time spent in the light side (b) . In the open field, 24 pmol of astressin-2B decreased the anxiogenic effect of urocortin 2 but had no effect in vehicle-treated mice in the stress condition (d). In the novel-object test, 24 and 96 pmol of the antagonist inhibited the anxiogenic effect of urocortin 2 but had no significant effect in vehicle-treated mice (f ), whereas 192 pmol decreased anxiety in both groups. Data are presented as mean Ϯ SEM. *p Ͻ 0.05; **p Ͻ 0.01; ***p Ͻ 0.001. effect on anxiety-related behavior under low-stress conditions; however, when combined with 30 min of immobilization stress, this dose significantly increased anxiety-related behavior in the light-dark box, open-field, and novel-object tests compared with the effects of immobilization stress alone. Septal urocortin 2 did not affect locomotion and had no measurable effect in CRF 2 receptor knock-out mice, and the anxiogenic effects of the agonist were blocked by septal administration of the CRF 2 receptor antagonist astressin-2B but not the CRF 1 receptor antagonist antalarmin.
There is some indication that the mice showed increased sensitivity to the anxiogenic effects of septal urocortin 2 during the novel-object test. The results showed that a low dose of urocortin 2 (4.8 pmol) increased anxiety in the novel-object test by itself (experiment 1) and also in combination with immobilization stress (experiment 5), but this dose had no effect on anxiety-like behavior in the light-dark box or open-field tests. In all experiments, mice were tested first in the light-dark box, second in the open field, and last in the novel-object test. Exposure to a novel environment by itself has been shown to induce a stress response in mice (Hebda-Bauer et al., 2004) . It is possible that the mice were more sensitive to the anxiogenic effects of urocortin 2 after 30 min of stress induced by successive exposure to three novel situations, resulting in increased anxiety in the novel-object test. Another possibility is that urocortin 2 may have time-dependent effects on behavior. Previous studies have reported delayed effects of CRF 2 receptor agonists on anxiety and feeding (Zorrilla et al., 2004) , and it is conceivable that the effect of septal urocortin 2 on anxiety-like behavior may differ 30 -60 min after administration. Finally, whereas the light-dark box, open-field, and novel-object tests all measure approachavoidance behavior, the novel-object test elicits the greatest approach or exploration behavior (Dulawa et al., 1999) and may also be the most sensitive measure of the behavioral effects of urocortin 2 during stress.
The current literature suggests that stress may play a role in determining the function of the CRF 2 receptor in anxiety-related behaviors. Valdez et al. (2002 Valdez et al. ( , 2003 reported that intraventricular treatment with urocortin 2 or 3 decreased anxiety in rats previously handled for 1 week and habituated to the testing environment for 2 h before peptide delivery and behavioral testing. Venihaki et al. (2004) reported anxiolytic effects of intraventricular urocortin 3 in C57BL/6 mice habituated to human handling and cannula manipulation. In contrast, Risbrough et al. (2003 Risbrough et al. ( , 2004 reported that urocortin 2 increased acoustic startle in mice, interpreted as an increase in anxiety-related defensive behavior. This latter effect is measured during a stressful procedure in which animals are restricted in movement inside a small chamber and subjected to loud noises. Some data suggest that stress level could influence the function of CRF 2 receptors located specifically in the lateral septum. Ho et al. (2001) reported that septal administration of CRF 2 re- ceptor antisense oligonucleotides decreased shock-induced freezing in rats. Bakshi et al. (2002) also reported that antagonism of septal CRF 2 receptors decreased freezing behavior in response to shock. Both studies reported an anxiolytic effect of blocking septal CRF 2 receptors in animals tested in high-stress conditions. However, Radulovic et al. (1999) reported that septal administration of the CRF 2 receptor antagonist antisauvagine-30 had no effect on anxiety under baseline (low-stress) conditions but decreased anxiety-like behavior induced by administration of CRF into the lateral septum. In the current study, the selective CRF 2 receptor antagonist astressin-2B had no effect during low stress but decreased anxiety-related behavior induced by immobilization stress.
The rodent lateral septum innervates brain areas that play an important role in regulating affect and anxiety, including the amygdala, hypothalamus, bed nucleus of the stria terminalis, and the dorsal raphe (Sheehan et al., 2004) . Many lateral septal neurons extend collaterals to other neurons in the septum as they descend to target various brain regions. Electrical stimulation of the fimbria activates an excitatory hippocampal glutamatergic projection to the lateral septum, inducing an initial depolarization of septal neurons, followed by a hyperpolarization attributed to intraseptal GABAergic release (DeFrance et al., 1975; Stevens et al., 1987; Gallagher and Hasuo, 1989) . Thus, neurons within the septum can inhibit other septal neurons via the release of GABA from recurrent axon collaterals. Eberly et al. (1983) reported that in vitro application of CRF on slices of rat lateral septum inhibited spontaneous firing in approximately half of the neurons tested. There is also evidence that CRF 2 receptor activation may exert different effects in the septum depending on the stress level of the animal. Liu et al. (2005) reported that urocortin 1 depressed the activity of septal neurons by activating CRF 2 receptors in the mediolateral nucleus of the lateral septum (intermediate lateral septum) but had the opposite effect after the stress of cocaine withdrawal, facilitating excitatory glutamatergic postsynaptic currents. Pernar et al. (2004) demonstrated that low doses of urocortin 2 inhibit serotonergic neurons in the rat dorsal raphe, but higher doses excite these neurons, hypothesizing that such a reversal of the effect of urocortin 2 may be mediated by activation of CRF 2 receptors on GABAergic interneurons.
It is possible that CRF 2 receptors are located on lateral septum neurons that inhibit each other via GABAergic collaterals and/or send inhibitory GABAergic projections toward brain regions that mediate anxiogenic behavior, such as the amygdala. Low CRF 2 receptor activation may have little overall effect on septal output, but high activation (induced by immobilization stress combined with urocortin 2 administration) may increase the activity of inhibitory intraseptal GABAergic neurons, decreasing overall GABA release from the septum to other brain areas, and thus disinhibiting the amygdala and increasing anxiety. In contrast, the complete absence of any CRF 2 receptor activity on septal neurons that directly inhibit the amygdala (in the CRF 2 receptor knock-out mice) may also increase anxiety. In other words, both the hyperactivation and the complete removal of the septal CRF 2 receptor could increase anxiety compared with a low activation state.
Immobilization stress in mice has been demonstrated to increase urocortin 1 mRNA in the Edinger-Westphal nucleus (Weninger et al., 2000) and urocortin 3 mRNA in the perifornical hypothalamic region (Venihaki et al., 2004) . Previous studies have demonstrated a robust urocortin 1 projection from the Edinger-Westphal nucleus to the lateral septum in mouse (Bachtell et al., 2003 ) and a dense urocortin 3 projection to the rat lateral septum (Li et al., 2002) . It is possible that immobilization stress in mouse increases the release of one or both of these CRF 2 receptor agonists in the lateral septum, contributing to the anxiogenic effect of urocortin 2 administration.
The present set of studies demonstrated that the effect of septal CRF 2 receptor activation on anxiety-related behavior appears dependent on stress level. In the low-stress condition, a high dose of 240 pmol of urocortin 2 was required to increase anxietyrelated behavior, but lower doses did not have a consistent effect. However, in combination with immobilization stress, 48 pmol of septal urocortin 2 increased anxiety-related behavior in the behavioral paradigms used. The current findings do not resolve the controversy over the reported anxiolytic effects of CRF 2 receptor activation but suggest that environmental factors influence the effect of receptor activation on behavior. Our data indicate that septal CRF 2 receptor activation is more likely to increase anxietyrelated behavior in a high-stress environment but has less effect on anxiety-related behavior under lower stress conditions.
